This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



(12) 



UK Patent Application « GB m 2 007 895 A 



(21) Application No. 7840571 
[22} Date of filing 13 Oct 1978 
(23) Claims filed 13 Oct 1978 

(30) Priority data 

(31) 4Z724/77 

(32) 13 Oct 1977 

(33) United Kingdom (GB) 
(43) Application published 

23 May 1979 

(si) itsrrcL* 

H04Q 11/04 
(52) Domestic classification 

G4H13D13F 14A14Q14Q 

1A60NC1 
(56) Documents cited 

GB 1507609 

GB 1501351 

GB 1445002 

GB 14Z4751 

GB 1409489 

GB 1369442 

GB 1270233 

GB 1117309 

GB 594361 
(58) Field of search 

G4H 
f71) Applicant 

Rovex Limited 

Westwood Industrial 

Estate, Margate, Kent CT9 

4JX. 
|72) Inventor 

GrevUto Gdorge Blood- 
worth 
(74) Agents 

Messrs. J. A. Kemp & Co. 



(54) Remote control systems and trans- 
mitters and receivers therefor 

(57) A remote control system for con- 
trolling electrical devices via their pow- 
er supply lines comprises a transmitter 
for sending control signals in time divi- 
sion multiplexed fashion to a number of 



receivers, each of which can identify the 
associated time sfot in the multiplexing 
scheme. Each time slot corresponds to 
en integral number of half cycles of the 
supply waveform end both binary and 
proportional control information may 
be conveyed by the position of the con- 
trol signals within their time slots. 



i — [TRANSFORMER -J&jms 
1ZV rms | 4M 



INVERSE 1 
CLtKX 



ODPE 



POWER 
SUPPUS 



'WW* 



4 RAM? 
iEUERATGR 



^ (DEMMiOEOSFfffi) 



IHtfillA 



.BIAS 
VDUACE 



COMP ARATORS I | 



REVEflSltfC ~h K 
UffIT 



AS 



T1 T2 T3 
MMJtPifXEB 



i 



DAIE 



OTT L-tt 
MDHQSTABIE 



SY8C 
HDH8S1A8l£ 



u: 



CA7E0 



-15 



G) 
DO 
to 

O 
O 
^1 

00 
CO 
CJI 



116 



2007895 



r 



Fig.1. 




3 



2 



VOLTS 
SL0T1 

D 



SLOT 2 



■4 



t 



SYNC PULSE i LOCO 1 



Fig. 2. 
! SLOT 3 



LOCO 2 



SLOT t 



LOCO 3 



INFORMATION CYCLE 



SLOT 1 ! 

D i 

f 

SYNC PULSE i 



TIME 



VOLTAGE 



30V ^ 

COMPOSITE 
SIGNAL ON OV- 
RAILS 

-30V 



30V H 

VOLTAGE 
ACROSS ov 
LOC0 1 uv 
MOTOR 




VOLTAGE 
ACROSS 
LOCO 2 OV 

M0T0R -30V 



vo 

AC 
LO 



JAGE 

CO 3 OV 



ACROSS 



MOTOR. 



2/6 

Fig .3. 

-INFORMATION CYCLE 



2007893 



i SYNC PULSE LOcoi PULSE 
v t -A 



L0CO2POLSEA P 3 ™* 



U U w 



/I 



TIME 



TIME 



LOCOMOT IVE1 IS SET FOR FAST FORWARDS 
LOCOMOTIVE 2 IS SET FOR FAST BACKWARDS 
LOCOMOTIVES IS SET FOR STOPPED (FORWARDS ) 



TRANSFORMER ( JO MAIN S 



12V rms 



3/6 



2007895 



IN 





+5V ^ 



Fig. 4, 



"true 11 ™ 



SYNC. & RAMP 



* GENERATOR 



23 



22 



32 



-19 



,21 



6( POTENTIOMETERS 
(DEMANDED SPED) 



INERTIA 
SIMULATION 



31 



20 D 



30 



20 



Hi 



ARATORS 



BIAS 
VOLTAGE 



J 20B I l20A [ 



REVERSING 
UNIT 



Ik 



-25 



T1 T2 T3 h 
MULTIPLEXER 



GATE 



DATA 
MONOSTABLE 



DATA 
-26 



XL 



as 

S3 
CD 



SELECT 



■17 



.18 



SYNC. 
MONOSTABLE 



■4 k- 



1_C 



I 



GATED 



-15 



200789 



t «QB 2007B9SA _J 




POWER 
WAVEFORM 
50Hz 



RAMP 
OUTPUT 



n "true" 

CLOCK 

Inverse 11 

i- CLOCK 



COMPARATOR 
OUTPUT 



(i) SYNC 
OUTPUT 

(J) DATA 
OUTPUT 

(k) 

OSCILLATOR 
ID 

OUTPUT 




0: <G6 2on7w»A i > 



csj 



6/6 



2007SS3 



VOLTAGE 
17V 

(a) SIGNAL ON RAILS 
OV 

-17V-I 



tv 

(b)OATA 
SEPARATOR OUTPUT 
OV 
UH 

(OCLOCK GENERATOR 
OUTPUT oy 

5Vi 

(d) DECODER OUTPUT 

OV 

(e) RAMPGENERATOR 
OUTPUT 1.2V 

OV 
UM 

(f) SAMPLE&HOLD 1( , - 
VOLTAGE 1-2V-J 

UM 

(g) COMPARATOR 
OUTPUT 

5.6V- 

(h) DIRECTION CONTROL 
MEMORY OUTPUT 

OV 



17V- 

(i)VOLTAGE ACROSS m . 
MOTOR M 



Fig.7. 














_ 



TSe 




IME 

TIRe 



TIME 



TIME 



J ME 



TIME 




>. «3ft 200TBaSA i ^ 



GB 2 007 895 A 



SPECIFICATION 

Remote control systems and transmitters and re- 
ceivers therefor 

5 

The present invention relates to a remote control 
system for controlling the operation of at least one 
electrical device via power supply lines to the de- 
vices), and to a receiver and transmitter for use in 
10 such a system. 

It is frequently desired to control the operation of 
an electrical device from a remote location without 
the need for the provision of separate control sig- 
nal conductors, radio control devices and the like. 
1 5 According to the present invention we provide a 
remote control system for remotely controlling at 
least one electrical device by means of control sig- 
nals transmitted, in use, wee power supply line to 
the device or devices, the system comprising a 
20 transmitter for connection to the power supply 
lines to transmit the control signals and at least one 
receiver for connection to the power supply lines to 
receive the control signals, the transmitter (a) in- 
cluding a time division multiplexer defining a plu- 
25 rafity of cyclically recurring time slots so as to en- 
able transmission of individual control signals to a 
plurality of such receivers and ib) being arranged 
to encode the control signals such that control in- 
formation is represented by the position of the con- 
30 trol signals within the time slots, and the or each 
receiver being arranged (a) to identify the occurr- 
ence of a time slot assigned thereto, and (b) to de- 
code the control signals occurring in that time slot 
and in response thereto to produce output signals 
35 for controlling an electrical device associated there- 
with. 

The control signals can be conveniently be high 
frequency bursts or pulses superimposed on the 
supply, for example by a gated oscillator, the con- 
40 trol signals occupying a frequency band widely 
separated from the supply, if the latter is AC. 

In orderto facilitate ths identification by a receiv- 
er of the time slot assigned thereto, synchronising 
signals can also be transmitted via the power supp- 
5 ly electrical conductors, these synchronising sig- 
nals conveniently being assigned their own time 
slot In the information cycle (that is, the interval of 
time in which each time slot occurs once). 
- n Preferably each time slot corresponds to an in- 
tegral number of half-cycies of the supply where 
the supply is AC or halforfull-wave rectified AC, It 
can then be relatively simple for the transmitter 
and receiver(s) to generate clock pulse signals syn- 
* ce choronised with the supply waveform, e.g. by de- 
tecting the zero crossovers of the supply wave- 
form. Where two or more information channels to 
each receiver are required, the various channels' 
information may be transmitted during successive 
half cycles of the suppry waveform during the time- 
slot associated with that receiver. 

The control signals can, of course, represent sim- 
ple on/off information as, for example, turning on 
or off a light, or proportional information, ag. 
£g speed information where the electrical device is a 
motor. They can include direction of a motion Infor- 
* <oe — wtbosa^u 



mation where the device to be controlled is a 
motor. One convenient way of using the system to 
carry out proportional control of the electrical de- 
vices is to use the timing of the control signal with- 
70 in the time slot to represent the magnitude of the 
demanded parameter, e.g. motor speed, of the 
electrical device. 

In the transmitter, a counter clocked at a suitable 
rate and synchronised With the supply waveform 
75 provides a particularly simple way of defining each 
time slot. Thus the counter may be used in com- 
bination wfth e multiplexer which allows each of 
the control signals to trigger a gated oscillator dur- 
ing its individual time slot. Proportional control sig- 
80 nals can be derived by comparison of the set value 
with a ramp signal synchronised with the supply 
waveform. 

The invention also provides a transmitter for use 
in a remote control system in use of which control 
85 signals are delivered to a plurality of receivers 
associated with respective electrical devices to be 
controlled via power supply lines to the devices, the 
transmitter comprising; a time division multiplex- 
ing arrangement for defining a cyclically recurring 
90 sequence of time slots during which control signals 
can be transmitted for individual receivers; means 
for generating the control signals in a manner such 
that the position of a control signal within a time slot 
is representative of control information; and 
95 means for delivering the control signals to an out- 
put to be connected to the power supply lines. 

The invention further provides a receiver for use 
in a remote control system in use of which control 
signals are transmitted in time division multiplex 
100 fashion to a plurality of such receivers associated 
with respective electrical devices to be controlled 
via power supply lines to the devices, individual re- 
ceivers having a respective time-slot assigned 
thereto, the receiver comprising: an input for con- 
105 nection to the power supply lines; means for iden- 
tifying the occurrence of a time slot assigned to the 
receiver; and means tor decoding control signals 
received at said input during the assigned time slot 
to produce output signals to control an electrical 
110 device associated with the receiver, the decoding 
means bBing operative to decode a control signal 
on the basis of its position within the assigned time 
slot. Thus in use, the receiver extracts the control 
signals occurring during its assigned time slot and 
1 1 5 from these sig nals derives control information to 
control the operation of the associated device. Con- 
veniently, the receiver includes a ramp generator 
for generating a ramp signal synchronised with 
each time slot, a sample and hold circuit connected 
120 to the ramp generator and arranged to sample the 
value of the ramp signal each time a control signal 
occurs within the receivers assigned time slot and 
for retaining the stored value until such a control 
signal next occurs and a comparator for comparing 
125 the ramp signal with the stored value to produce an 
output signal to control the associated electrical de- 
vice. This provides a simple way to ensure that the 
device continues to operate between updates of 
the control information. By arranging that the time 
130 constant of the sample and hold circuit is such as to 
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prevent the stored value changing by more than a 
predetermined fraction at each sampf ing, it is pos- 
sible to provide the receiver with a certain degree 
of immunrty to electrical noise on the supply lines 
5 since the rate of change of the control information is 
thereby limited. 

In the following descnption, me presentinven- 
tion i$ described with particular reference to its ap- 
plication to model railways although rt will be 
1 0 appreciated that the invention is not in any way li- 
mited exclusively to that application and indeed it 
will be apparentthat nearly all the features of the 
described embodiment can be used in other appli- 
cations. 

15 The invention will be further described with re- 
ference to the accompanying drawings m which:- 
Figure 1 is a block schematic diagram to Illustrate 
the overall operation of an embodiment of the in- 
vention; 

20 Figure 2 is a timing chart indicating information 
timing for the arrangement of Figure 1: 

Figure 3 shows waveforms occurring in an 
embodiment of the invention having three model 
railway locomotives; 

25 Figure 4 is a block schematic diagram of a com- 
bined powersuppiy and controller for an embodi- 
ment of the present invention; 

Figure 5shows waveforms occurring at various 
points in the circuit of Figure 4; 

30 Figure 6\s a block schematic diagram of a receiv* 
er for use in an embodiment of the present inven- 
tion; 

figure 7shows waveforms occurring in various 
parts of the circuit of Figure 6. 

35 In the system shown in Figure 1, a pair of electric- 
al conductors 1,2, supply power to a plurality of 
electrical loads 3 connected across the conductors 
1 , 2. Also connected to the conductors 1, 2, is a 
combined power supply and controller 4 which 

40 energises and controls the various loads 3, which 
each include an electrical device to be energised 
and controlled and a receiver for receiving control 
signals from the controlled We the conductors 1 
2. ' 

45 In our preferred embodiment, which pertains to a 
mode! railway layout the loads 3 are individual 
model railway locomotives which run on and re- 
ceive power from the conductors 1 and 2 which 
constitute the railway tracks. The speed end direc- 
°u tion of motion of each of the locomotives is control- 
led from the controller 4. 

The operating principle of the embodiment can 
be appreciated from Figures 2 and 3. The power 
supply 4 applies an AC voltage across the lines 1 
w and 2, this voltage being derived via a transformer 
from the electrical mains supply and serving to 
energise the motors of the locomotives 3. Direction 
and speed control signals for the locomotives 3 are 
superimposed on this voltage by the controller 4, 
the control signals for a number of locomotives 3 
being transmitted inb'me-dh/Ision multiplex 
fashion. 

Thus, as indicated by Figures 2 and 3, control sJg. 
nals for each of a number of locomotives ere trans- 
om mined in turn during a periodically repeating infor- 



mation cycle. Each information cycle commences 
with a synchronising pulse, which serves to syn- 
chronise circuitry within the receiver of each toco* 
motive 3, and is divided into a number of time- 
70 slots, each locomotive being assigned a respective 
time-slot during which speed and direction control 
signals individual to that locomotive are transmit- 
ted via the lines 1 and z. 
ft is convenient ff each time-slot, including the 
75 time-slot during which the synchronising pulse 
occurs, corresponds to an integral number of harf- 
cycles of the AC mains supply, commencing at a 
zero crossover. Thus the receiver circuitry can 
readily identify the start of each time slot by detect- 
w mg the predetermined part of the waveform, e.a 
the 2 ero crossovers (or zero approaches in the case 
of full or half wave rectified AC) of the supply wave- 
form and the individual time slots can be identified 
by counting the zero crossovers occurring after the 
S5 synchronising pulse. Suitably, to enable informa- 
tion such as forward/reverse commands to be 
readily dealt with, each time slot corresponds to a 
whole cycle of the supply waveform. 
Within each time slot, a control pulse is transmrt- 
»u ted for the associated-locomotive, and the position 
of the control pulse within the time-slot provides 
the locomotive 3 with information both as to its 
commanded direction of motion and its speed. 
Thus, within each time slot, the polarity of the half 
95 cycle of the supply cycle during which the control 
pulse occurs indicates the commanded direction of 
motion, while the time delay between the immedi- 
ately preceding zero-crossover of the supply wave- 
inn fom and me control P u[se represents a phase 
loo angle for controlling the supply to the locomotive 
motor. The time slot for each locomotive could, of 
course, comprise more than two half cycles of the 
supply waveform so that other signals for controll- 

ing a whistle or coupling, for example, could also 
1 w be transmitted, these signals being identified as 
such by the position within the time slot of the half 
cyclete) during which they occur. 

Figure 3 shows typical waveforms occurring in a 
system comprising three model rairway looomo- 
1 1° tives, In Rgure 3, waveform A is the waveform of 
the composite signal, which comprises the locomo- 
tive motor supply and the control signals, applied 
across the tracks of the railway. It will be seen that 
each information cycle is divided into four time 
1 15 slots, during the first of which the synchronising 
pulse is transmitted and during the leterthree of 
which, control signals individual to each of the 
three locomotive© are transmitted. Each time slot 
corresponds to one complete period of the mains 
i^u waveform. During the first time slot the synchro- * 
nising pulse is superimposed on the supply wave- 
form, the synchronising pulse being in the form of 
a buret of oscillation of high frequency, for exanv 
pie, 1MHz. 

125 The control signals for the locomotives which are 
also superimposed on the supply waveform may 
be similarly constituted but of a duration which Es 
different from that of the synchronising pulse to en- 
able circurtry within the locomotives to distinguish 
130 between the synchronising pulse and the indi- 
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vidua! locomotive control pulses. Each of the loco- 
motives detect the synchronising pulse and a coun 
ter in the locomotive then starts to count the num- 
ber of zero crossovers of the supply waveform 
5 occurring subsequent to the synchronising pulse, 
to identify the time slot associated with that loco-' 
motive. During the time slot associated with a parti- 
cular locomotive, the controi pulse assigned to that 
locomotive is detected and speed and direction of 
70 motion control signals are derived from it. The 
values of these signals are then stored until the 
arrival of the control pulse assigned to that locomo- 
tive during the next information cycle, 
The waveforms B, C and D represent the voltages 
' 5 applied across the motors of locomotives respond- 
ing to control pulses occurring during the second, 
third and fourth time slots respectively of the wave- 
form. Waveform B indicates that the motor of the 
associated locomotive is turned on early during 
20 each cycle of the mains waveform and the occurr- 
ence of the associated controi pulse during a posi- 
tive half-cycle of the supply waveform means that 
the voltage across the motor is to be of the polarity 
appropriate to cause forward motion of the Jocd- 
25 motive. The net effect, therefore, is that the loco- 
motive is set forfastforwsrd action. Similarly, the 
locomotive corresponding to waveform C is set for 
fast backwards motion while the locomotive asso- 
ciated with waveform D is stopped. 
30 Figure 4 shows in block form the main functional 
elements of the combined power supply and con- 
troller of Figure 1 , Connected to the AC electrical 
mains supply is a transformer 10 with a nominal 
output of 12 volts RMS which energises a power 
35 supply 1 1 and the rails 1 and 2 w* an inductor 12. 
The power supply 1 1 serves in turn to energise the 
remainder of the control circuit. Also receiving the 
output of transformer 10 is a dock generator 13 
which derives circuitry generally designated 14, the 
0 purpose of the circuitry 1 4 being to control the 
operation of a gated oscillator arranged to operate 
at 1 MHz to provide the synchronising and locomo- 
tive control pulses which are superimposed on the 
AC supply waveform applied across the rails 1 and 

The clock generator serves to synchronise the 
operation of the circuitry 14. The dock generator 13 
detects the zero*crossovers of the output of trans- 
former 10 and provides two square wave outputs 
(c) and (d) in Figure 5, these square waves being 
the inverse of one another. The squere wave (c) is 
applied to the count input of a counter 1 6 which 
serves to define the time slots during which the 
- synchronising pulses and the locomotive control 
pulses are transmitted. A multiple input gate 17 de- 
tects when the count In the counter corresponds to 
the time slot during which the synchronising pulse 
is to be transmitted and, during that time slot, trig- 
gars a monostable circuit 18 which gates the oscff- 
lator 15 on to produce the synchronising pulse. 

The clock generator 1 3 also drives a ramp gener- 
ator 19 which provides a ramp output with a fre- 
quency equal to twice that of the output of transfer- 
mer 10. This output is applied to a respective input 
of each of four comparators 20 A-D. The compara- 



tor 20 A compares the ramp voltage with a fixed 
bias voftege applied to second input thereof so that 
the gate 17 triggers the monostable 18 when the 
ramp voltage exceeds the bias voltage. 
70 The three other comparators, 20 B-D are used to 
produce control pulses assigned to three locomo- 
tives, the commanded speed of each of which can 
be set by use of respective potentiometers 
21,22,23. These potentiometers provide respective 
75 demanded-speed representing voltages which are 
applied to one input of the respective comparator 
20 B, 20 C, 20D, by which they are compared with 
the 100 Hz output from ramp generator 19. Thus 
each comparator 20 B- D will produce an output 
80 once every 100th of a second, that is to say twice 
during each cycle of the output of transformer 10. A 
reversing unit 20 is used to select one of the two 
pulses per supply cycle from the comparators 20 
B^-U to be applied to the input of a multiplexer 25. 
85 Which of thetwo pulses from each comparator 20 
B-D is selected is determined by a control (not 
shown) associated with each locomotive which is 
used to set the commanded direction of motion of 
that locomotive. Thus, for example, in the case of 
90 the locomotive associated with comparator 20 B, if 
it is desired that that locomotive proceeds in the 
forward direction, the reversing unit 24 is program- 
med to transmit pulses from the output of compa- 
rator 20 B which occur during the positive half- 
95 cycles of the output of transformer 10 while if the 
locomotive is to proceed backwards, the reversing 
unit will select the pulses occurring during the 
negative half-cycles of the output of transformer 
10. 

100 The multiplexer 25 selects data applied to three 
inputs T1-3 by the reversing unit 24 in accordance 
with the output states of counter 16. Each different 
count of counter 16 corresponds to a respective 
time slot of the information cycle and thus the 

105 pulses transmitted via the reversing unit 24 from 
the comparators 20 B-D are transmitted through 
the multiplexer during the appropriate time slots 
and then trigger a data monostable 26 which gates 
on the oscillator 15 to produce the control pulses 

110 for each locomotive. The composite waveform ap- 
plied across the rails 1 and 2 is indicated at (1 ) in 
Figure 5. 

In order to provide a realistic response of the 
locomotives to sudden changes in demanded 

115 speed, respective inertia simulation circuits 30, 31 
and 32 are connected between each potentiometer 
21 and 22 and 23 and the associated comparator: 
These inertia simulation circuits add a long time- 
conetantto changes in the demanded locomotive 

120 speed, ft will be apparent that this effect can also be 
achieved in a similar fashion at the receiver. 

Figure 6 shows in block diagram form a receiver 
which may be incorporated in one of the locomo- 
tives to respond to signals from the controller of 

125 Figure4, while Rgure 7 shows waveforms occur- 
ring in various parts of the circuit of figure 6. Two 
conductors 101 and 102 are electrically connected 
to one or more wheels of the locomotive to estab- 
lish an electrical connection with the rails 1,2 and 

130 are also connected to a power supply and interface 
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circuit 103 which uses a fuH-wave rectifier bridge to 
rectify the supply waveform to provide supplies to 
energise the drive motor 106 of the locomotive and 
the control circuitry within the locomotive. The out- 
5 put of the rectifier bridge is also applied to the input 
of a clock generator circuit 1 04 which produces an 
asymmetncal output as indicated at (c) in Figure 7 
Also connected to the power supply and input in- 
terface circuit 103 is a data separator circuit 105 
10 which filters the synchronising pulses and control 
pulses from the input across the conductors 101 
and 102 and delivers the synchronising pulses for 
an output 1 08 and the control pulses from an out- 
put 109. 

1 5 The drive motor 1 06 is supplied with current by a 
motor drive circuit 1 1 0 which compnses a transis- 
tor badge so that the polarity of the output to the 
motor 106 can be selected as desired to provide 
forward or reverse running of the locomotive. The 
20 direction of current flowthrough the motor 106 is 
set by means of a direction control memory 1 1 1 
which is in the form of a bistable flip-flop whose 
output is connected to the motor drive circuit 1 10 
and whose operation will be described in greater 
25 detail below. 

The motor drive circuit 1 10 is arranged so that 
current will be supplied to the motor 106 during 
each of the half-cycles of appropriate polarity of the 
supply waveform across the rails (depending on 
30 the set direction of motion) until a pulse is applied 
to the motor drive circuit by a comparator 122. The 
timing of the output pulse from comparator 1 1 2 
thus provides means for providing variable phase 
control of the operation of motor 106, The compa- 
35 rator 112 produces an output pulse when the out- 
put voltage of a ramp generator 113 exceeds the 
output voltage from a sample and hold circuit 1 14 
which stores a signal representative of the set loco- 
motive speed. Ramp generator 113 produces a 
40 100Hz ramp waveform as indicated at (s) in Figure 
7, being triggered by clock generator 104. 

As mentioned above, the sample and hold circuit 
stores, e,g. across a capacitor, a voltage represen- 
tative of the set speed of the locomotive, as com- 
45 manded by control pulses assigned to the locomo- 
tive and superimposed on the supply waveform 
across the rails. How this is achieved will now be 
explained. 

The data separator circuit 1 05 delivers from an 
50 output 108 the stream of synchronising pulses and 
on the occurrence of each synchronising pulse a 
counter 1 15 is re-set to zero. This counter 1 1 5 
counts clock pulses from the clock generator 104. 
As the countsr 1 1 5 rs clocked at 1 QOHz, it holds each 
°o count for the period of a respective time slot of the 
Information cycle. A decoder 1 1 6 receives the true 
and inverse outputs of the counter 11 5 Bnd serves 
to identify the particular time slot associated with 
_ the locomotive by detecting when the counter out- 
w put corresponds to the associated time slot During 
the time slot associated with the locomotive, the 
decoder 1 16 will allow control pulses delivered 
from the output 109 of data separator 105 to be ap- 
plied to the trigger input of sample and hold circuit 
o& 1 14 causing it to undergo a fresh sample and hold 



operation. The control pulses which reach sample 
and hold circuit 1 14 are thus those originally 
assigned to that locomotive by the controller 4 de- 
scribed above. When the sample and hold circuit 
70 114 receives the trigger pulse from decoder 116, 
the sample and hold circuit samples, and thereafter 
holds, the voltage reached by the ramp generator 
1 14 at that instant of time. The ramp voltage In- 
creases linearly with respect to time, this voltage is 
/5 thus representative of the time delay between the 
arrival of the pulse from decoder 116 and the im- 
mediately preceding zero crossover of the supply 
waveform. This voltage is Then held andsubse- 
quently compared by comparator 1 12 with the out- 
w put of ramp generator 114 to carry out phase con- 
trol of the supply current to motor 116, in accord- 
ance with the setting of the associated potentio- 
meters In the controller 4. 
It will be appreciated that discontinuities may 
*o occur in electrical contact between the wheels of 
the locomotive and the tracks and unless precau- 
tions were taken, this could lead to spurious opera- 
tion of the motorll6. To prevent this, the time con- 
on sam P |e 3nd no,d circuit 1 14 is chosen in 

»u relation to its sampling time so that the stored vol- 
tage can only change by a maximum of 20% during 
each sampling period. 

The direction control memory111 controlsthe 
direction of motion of the locomotive in accord- 
95 ance with whether the associated control pulse re- 
ceived from the tracks occur during the positive or 
negative half-cycle of the supply waveform. The 
data input to the bistable within direction control 

inn memory 111 iss 50H*signalderivedfromthefirst 
1UU 5t *9 e of counter 1 1S. The bistable is clocked by the 
control pulse outputed from decoder 1 1 6. The bist- 
able output state Is therefore set (or remains) high 
or low according to the polarity of the supply haff- 
cycle in which the control pulse is present. In order 
ue> to avoid spurious operation of the bistable, the 
clock is inhibited by the sample and hold circuit 114 
is non-zero phase information is already stored, 
that is when the locomotive is already in motion. 
Thus morion reversal can only occur after the loco- 
1 » u motive has first been brought to rest. 

The following are the values of parameters used 
in a prototype of the Illustrated embodiment: 
System power supply 12 voJts rms, 50Hz 

Control pulse width ±* Q.27 mS 

115 Synchronising pulse width 3.3mS 
Pulse amplitude io volts 

Gated oscillator frequency 1 MHz 

Information cycle length 4 cycles 

Number of active control channels 3 

The length of the control and synchronising 
pulses and the associated time constant in the loco- 
motive receiver were chosen as a compromise be- 
tween high phase- resolution and immunity to tran- 
fi tent Interference. 

it will be appreciated that there are a variety of 
other applications of the present system in the con- 
text of model railways. Thus, for example, it could 
oe used for the controllersignalling, points and 
otn «t peripheral equipment 
In certain applications, e,g. model railways. It 
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may be advantageous for the supply waveform to 
be a high frequency rectangular waveform. This 
would allow simplification of the receiver circuitry, 
for example by the elimination of the need for sig- 
5 nal squaring circuitry within the receiver circuitry. 
CLAIMS 

1 A remote control system for remotely con- 
trolling at least one electrical device by means of 
control signals transmitted, in use, v/aa power 

10 supply line to the device or devices, the system 
comprising a transmitter for connection to the 
power supply lines to transmit the control signals 
and at least one receiver for connection to the pow- 
er supply lines to receive the control signals, the 

15 transmitter (a) Including a time division multiplexer 
defining a plurality of cyclically recurring time slots 
so as to enable transmission of individual control 
signals to a plurality of such receivers and (b) being 
arranged to encode the control signals such that 

20 control information is represented by the position 
of the control signals within the time slot and the 
or each receiver being arranged (a) to identify the 
occurrence of a time slot assigned thereto, and (b) 
to decode the control signals occurring in that time 

25 slot and in response thereto to produce output sig- 
nals for controlling an electrical device associated 
therewith. 

2. A remote control system according to claim 

1, adapted for use with a periodic power supply 
30 waveform, the arrangement being such that the 

time slots are synchronised with the periods of the 
supply waveforms. 

3. A remote control system according to claim 

2, wherein the supply waveform is AC or full- or 
35 half-wave rectified AC and each time slot corres- 
ponds to one or more integral half cycles of the 
waveform. 

4. A remote control system according to claim 3 
wherein proportional control information is repre- 

40 sented by the time of occurrence of each control 
signal relative to a previous, predetermined part of 
a cycle of the supply waveform. 

5. A remote control system according to claim 4 
wherein said predetermined part is a zero- 

45 crossover or zero-approach of the supply wave- 
form. 

6. A remote control system according to claim 
3, 4 or 5 wherein binary-type control information is 
represented by which, of a plurality of half cycles 

50 making up a time slot the control signal occurs in. 

7. A remote control system according to any 
one of claims 3 to 6 wherein the transmitter is 
arranged to transmit a synchronising signal during 
each group of time slots fend the receivers are 

55 adapted to detect the synchronising signal and use 
it to identify the respective time slots assigned 
thereto. 

8. A transmitter for use in a remote control sys- 
tem in use of which control signals are delivered to 

60 a plurality of receivers associated with respective 
electrical devices to be controlled via power supply 
lines to the devices, the transmitter comprising: a 
time division multiplexing arrangement for defin- 
ing a cyclically recurring sequence of time slots 

65 during which control signals can be transmitted for 
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individual receivers; means for generating the con- 
trol signals in a manner such that the position of a 
control signal within a time slot is representative of 
control information; and means for delivering the 
70 control signals to an output to be connected to the 
power supply lines. 

9. A transmitter according to claim 8 wherein 
the time division multiplexing means is arranged to 
synchronise the time slots with the supply wave- 

75 form. 

10. A transmitter according to daim 8 or 9 for 
use with an AC or full-wave- or half-wave-rectifled 
AC supply waveform wherein the arrangement is 
such that each time slot corresponds to an integral 

80 number of half cycles. 

11. A transmitter according to claim 8, 9 or 10 
and arranged to produce control signals whose 
positions within the time slots represent propor- 
tional control information. 

85 12. A transmitter according to claim 1 1 wherein 
one or more comparators are provided to compare 
input signals with a progressively changing refer- 
ence signal and the control signal generating 
means is arranged to,generate a control signal 

90 when the comparator(s) detects a predetermined 
relationship between the control information and 
the reference signal. 

13- A transmitter according to any one of 
claims 8 to 12 and including means for periodically 

95 generating a synchronising signal to be applied to 
said output to identify the start of a sequence of 
time slots. 

14. A transmitter according to claim 13 wherein 
the synchronising signal generating means is 

100 arranged to produce the synchronising signal at a 
zero-crossover or zero-approach of the supply 
waveform. 

15. A receiver for use in a remote control sys- 
tem in use of which control signals are transmitted 

105 in time division multiplex fashion to a plurality of 
such receivers associated with respective electrical 
devices to be controlled via power supply lines to 
the devices, individual receivers having a respec- 
tive time slot assigned thereto, the receiver com- 

110 prising; an input for connection to the power supp- 
ly lines; means for identifying the occurrent of a 
time slot assigned to the receiver; and means for 
decoding control signals received at said input dur- 
ing the assigned time slot to produce output sig- 

115 nals to control an eiectncal device associated with 
the receiver, the decoding means being operative 
to decode a control signal on the basis of its posi- 
tion within the assigned time slot. 

16. A receiver according to claim 1 5 for use 
120 with a composite waveform on said supply lines, 

the composite waveform comprising a regularly 
varying power supply waveform and said control 
signals superimposed thereon, wherein the time 
slot identifying means is operative to identify the 
125 assigned time slot by detecting the occurrence of a 
predetermined part of said composite waveform. 

17. A receiver according to claim 16 wherein 
said identifying means comprises a circuit 
arranged to detect a synchronising signal periodic- 

130 ally superimposed on the supply waveform and to 
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count a number of zero-cross-overs or zero- 
approaches of the composite waveform subse- 
quent to each occurrence of the synchronising sig- 
nal to identify the assigned time slot. 
5 18. Areceiveraccordingtoclaim16orT7and 
comprising means for storing the control informa- 
tion between occurrences with the control signal 
assigned to the receiver, 
19. A receiver according to any one of claims 1 5 

10 to 19 and comprising a ramp generator for generat- 
ing a ramp signal synchronised with each time slot, 
a sample and hold circuit connected to the ramp 
generator and arranged to sample the value of the 
ramp signal each time a control signal occurs with- 

1 5 in the receiver's assigned time slot and for retain- 
ing the stored value until such a control signal next 
occurs and a comparator for comparing the ramp 
signal with the stored value to produce an output 
signal to control the associated electrical device. 

20 20. A receiver according to claim 1 9 wherein 
the time constant of the sample and hold circuit is 
such as to preveht the stored value changing by 
more than a predetermined fraction at each sam- 
pling. 

25 21. A receiver according to any one of claims 15 
to 20 for use in controlling an electric motor in a 
system in which the time slot assigned to the re- 
ceiver comprises two half cycles of the supply 
waveform, the decoding circuit being operative to 
30 decode motor direction control information on the 
t basis of In which of the two half cycles a control 
signal occurs and to decode motor speed control 
information from the position of the control signal 
within the period of that half cycle. 
35 22. A remote control system according to any 
one of claims 1 to 7, a transmitter according to any 
one of claims 8 to 14 or a receiver according to any 
one of claims 15 to 21 wherein means are provided 
to limrt the rate of change with respect to time of 
40 control information. 

23. A remote control system constructed and 
arranged to operate substantially as hereinbefore 
described with reference to and as illustrated in the 
accompanying drawings. 
45 24. A transmitter for use in a remote control 
system, the transmitter being constructed and 
arranged to operate substantially as hereinbefore 
described w'rth reference to and as illustrated in Fi- 
gures 1 to 5 of the accompanying drawings. 
50 25. A receiver for use in a remote control sys- 
tem the receiver being constructed and arranged to 
operate substantially as hereinbefore described 
with reference to and as illustrated in Figures 1 to 3 
and 6 and 7 of the accompanying drawings. 
5o 26. The Invention herein defined in all its new 
and useful aspects. 
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